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Aspects o f  the population dynamics o f  Clarias agboyiensis (Osteichthyes, Clariidae) from a We5tAfrican 
riverbasin.-The parameters of population dynamics of the West African catfish, Clarias agboyiensis, 
were estimated for the first time based on the length-frequency data of samples from the Anambra 
River basin, Nigeria. Length-weight relationship wi th a b-value o f  2.9502 showed no significant 
difference from isometric growth. Maximum size (I,) and longevity (t,) were 29 cm TL and 4 yr 
respectively. Estimated Von Bertalanffy growth parameters were: L4 = 39.1 cm TL, W4 = 403.4 g, 
K = 0.8 y r l  and t, = - 0.19 yr. The length growth performance index (N' = 3.09) indica:ed high growth 
impetus, showing that the catfish has a high aquacultural potential. Sexual maturity occurred at 
between 22.2 and 24.1 cm TL as the fish attained 1.2 yr. Mortality estimates were: Z = 10.79 yr', 
M = 1.50 yr-' and F = 9.29 yr". The high fishing mortality coefficient (F) and exploitation ratio 
(E = 0.86) indicated over-exploitation of C. agboyiensis. Management and conservation strategies have 
been designed and established t o  avoid a possible collapse of the fishery. 
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lntroduction Sampling locations and processing of samples 
Several Clarias species are endemic (TEUGELS, 
1982) and o f  commercial importance i n  t h e  
freshwater artisanal fisheries o f  t h e  forest 
zone o f  West Africa, f r o m  Ghana t o  Ni- 
geria. One o f  these is Clarias agboyiensis 
Sydenham, 1980 which occurs i n  b o t h  t h e  
Guinean and Sudanean regions o f  Nigeria 
(SYDENHAM, 1980; EZENWAJI, 1986). This spe- 
cies is widely  d is t r ibuted and abundant  i n  
t h e  Anambra River basin (EZENWAJI, 1993). 
I n  recent years, t h e  f ish ing pressure o n  
Clarias species i n  t h e  basin has intensif ied 
and C. agboyiensis appears t o  have de- 
cl ined i n  size (pers. obs.) indicat ing over- 
exploi tat ion. The present study is pr imari ly 
aimed a t  invest igat ing th is  hypothesis. Pa- 
rameters o f  popu la t ion  dynamics are pro-  
vided and strategies f o r  t h e  management 
o f  t h e  species i n  t h e  Anambra River basin 
are formulated. 
Material and methods 
Study Area 
The study was carr ied o u t  i n  t h e  Anambra 
River basin, Nigeria (fig. 1). The Anambra 
River, abou t  207.4 k m  i n  length, has many 
tr ibutar ies, t h e  most impor tan t  being t h e  
EzulAdada complex. A n  interna1 del ta  oc- 
curs around Ogurugu  and t h e  extensive 
f l o o d p l a i n ,  40 km w i d e  i n  t h e  l o w e r  
reaches, has numerous perennial  ponds, 
lakes and marshes. These f loodpla in  lent ic 
water  bodies, especially t h e  small-sized 
(< 500 m2) and medium-sized (I 5000 m*) 
pondsllakes (WELCOMME, 1985), are the  most 
impor tan t  habi ta ts  f o r  C. agboyiensis 
(EZENWAJI, 1993). 
The vegetat ion i n  the  basin is derived 
f rom the Guinea savannah b u t  riparian shrubs 
and forests, described by EZENWAJI (1998). 
fr inge t h e  water bodies. 
The t w o  main seasons are t h e  dry sea- 
son (OctoberINovember-March) and t h e  
rainy season (April-SeptemberlOctober). 
Large quanti t ies o f  C. agboyiensis are har- 
vested f r o m  f loodpla in  ponds, which are 
o f ten  fished o u t  dur ing t h e  dry season, ap- 
parent ly result ing i n  a steady reduct ion i n  
the  overall size attained by the  species. 
Samples o f  the catfish were collected f rom 
six sampling locations -Nsugbe, Otuocha, 
Oroma-et i t i ,  Enugwu-otu, Ogurugu and 
Ugwuoba- in  the  Anambra River basin, Ni- 
geria (fig. 1) f rom June, 1983 t o  September, 
1985 and June t o  September, 1986. Sampling 
gears include 200 baited hooks (WILLOUGHBY 
& TWEDDLE, 1977), baskets and traps. Sam- 
p l ing was carried ou t  i n  fou r  major habitats 
(forest floodplain pond, grassland floodplain 
pond, marshy area and river) i n  each sam- 
pl ing location. Samples fo r  the  study period 
were pooled together. 
Standard and to ta l  lengths (cm) and body 
weight  (g) o f  each catfish were measured 
and the  sex o f  fish determined. The to ta l  
length-standard length, and length-weight 
relationships were determined using the  
power curve: 
W = aTLb (1) 
The length-frequency data were grouped 
in to 2 cm TL intervals. The length-based 
Powell-Wetherall method, especially suitable 
for  situations where l i t t le  o r  noth ing is 
known about the  fish stock (SPARRE & VENEMA, 
1992) as i n  this case, was employed i n  esti- 
mating the  asymptotic length (L_) o f  the  
Von Bertalanffy g rowth  funct ion and the  
rat io o f  total  mortality t o  growth coefficient 
(ZIK) f rom the linear relationship: 
1 - L' = a + bL' (2) 
Plotting 1 - L' against L' gave a linear 
regression f rom which a and b were esti- 
mated. From equation (2): 
L = - (a 1 b) (3) 
Z 1 K ~ =  - (1 + b) 1 b (4) 
The growth coefficient (K) was estimated 
f rom URSIN (1 984): 
K = 0.27 e ~ p ~ . ~ ~ ~ ~  (5) 
where T = 27.5 O C  (EZENWAJI, 1982). 
The age-at-length zero (t,) was derived 
from the empirical relationship of PAULY (1979): 
 LO^(- tJ = - 0.3922 - 0.2752 LogL=- 1.038 LogK (6) 
Length-at-age zero (1,) was estimated ac- 
cording t o  SPARRE & VENEMA (1992) as: 
1, = LJ 1 - e~p'~'.)] (7) 
The individual maximum size encoun- 
tered was designated as Imax. Longevity (tmax) 
(PAULY, 1983) was computed as: 
tmax = 3 1 K (8) 
The length (@') (PAULY & MUNRO, 1984) and 
weight (P) (PAULY, 1979) growth performance 
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N 
sampling locations m roads m i v e r s  & lakes 
indices were estimated respectively as: puted respectively as: 
4' = logK + 2 logL_ (9) l m = L m [ 3 K 1 ( 3 K + M ) ]  (11) 
P = log(KWm) (10) tm = (1 1 K) ln  (3K + M) 1 M (12) 
The length (1,) (ROFF, 1986) and age (t,) Gonad matu ra t ion  was evaluated macro- 
(ROFF, 1984) a t  sexual maturi ty were com- scopically f o l l o w i n g  AWACHIE & EZENWAJI 
14 Ezenwaji 
(1981) who  recognized the  fo l lowing matu- Results 
r i ty stages fo r  Clarias species: 1-immature; II- 
developing; Ill-mature; IV-ripe; V-running and Population Structure 
VI-spent. Size at maturity was estimated as the 
length at  which 50% o f  individuals were in  The length-frequency distr ibut ion (fig. 2) o f  
gonad stage III. Total mortality coefficient (Z) 1,136 specimens showed tha t  the  srnallest 
was computed from equation (4) by substitu- and largest C. agboyiensiswere 9 and 29 cm 
t ion. Natural mortal i ty coefficient (M) (PAULY, TL respectively (mean 17.816 cm TL). The 
1983) was estimated using the empirical rela- 14 t o  18 cm TL size range was dominant i n  
tionship: the  catches. The weight  ranged between 5 
Log M = 0.0066 - 0.279Log L_ + 0.6543 LogK and 178 g (mean 48h39.7 g). The rat io  o f  
t 0.4634 Log T (13) male t o  fernale was n o t  significantly d i f fer -  
where T = 27.5 O C  (EZENWAJI, 1982) ent  f rom 1:l (table 1)(Z = 1.25, P > 0.05). 
The annual natural mortal i ty rate (D) was 
estimated f rom ROYCE (1972): Morphometric relationships 
D = ( l - S ) M / Z  (14) 
where S = rnean survival rate (¡.e. e-') The relationship between standard and t o -  
The fishing rnortality coefficient (F) was ta l  lengths (TL = aSLb) o f  112 C. agboyiensis 
computed as: was expressed by the  fo l lowing regression 
F = Z - M  (15) equation: 
The fishing mortal i ty rate (El) was esti- TL = 1.245 S Lo 965 (1 8) 
mated f r o m  ROYCE (1972) as: The correlat ion coeff ic ient was positive 
E , = ( I - S ) F / Z  (16) and significant (r = 0.99, P < 0.05). The b-  
The exploitation ratio (E) was computed as: value was n o t  d i f ferent  f rom 1 (P > 0.05). 
E = F / Z  (17) The length-weight relationship o f  t h e  cat- 
The Z test, w i t h  Ho: P = 0.5, was used t o  fish (W=aTLb) (fig. 3) was represented by 
analyse sex ratio. t h e  equation: 
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Número machos recogidos; NO, Núrner 
de hembras recogidas; S. Proporción 
de  sexos (a":!?). 
Using ages 1 t o  4 years as seed values, the 
mean lengths at  age estimates were 24.0, 
32.3, 36.1 and 37.7 cm TL. The resulting length 
growth curve (f ig.  4) f i t t ed  t h e  data wel l  
considering t h e  co r re la t ion  coe f f i c ien t  
(r = 0.98). Very rapid g rowth  t o o k  place i n  
the  first year and then decelerated consider- 
ably t o  a minimum i n  the four th year. Length 
(4') and weight (P) g rowth  performance in- 
dices were 3.09 and 2.51 respectively, indi-  
cating h igh g rowth  impetus. 
The length (22.2 cm TL) at  50% maturi ty 
(fig. 5) was very close t o  the estimated length 
(lm = 24.1 cm TL) at sexual maturity. Estimated 
length (1,) and age (tm = 1.2 yr) a t  sexual 
maturi ty represent 83.1% and 31.6% o f  lmax 
and tmax respectively. The relative maturi ty 
age (tmltma,) was 0.32. 
From equation (4), ZIK = 13.49. Thus, 
Z = 10.79 yr-l. Natural mortal i ty coefficient 
(M = 1.50 yr") and the annual mortal i ty rate 
(D = 0.139 or 13.9% yr-l o f  available fish 
stock) were low. Conversely, fishing mortality 
coefficient (F = 9.29 yr l )  and the annual 
fishing rate (Ei = 0.861 y r l  or 86.1 % y r l  of 
available stock) were high. The rat io o f  FIM 
(6.19) was also high. 
The exploi tat ion rat io  (E) was 0.86. 
Discussion 
W = 8.1 x TL2.9502, r = 0.99, P < 0.05 
Thus, about  98% o f  the variance i n  to ta l  
length was explained by changes i n  weight. 
The b-value o f  2.9502 d id  n o t  d i f fer  signifi- 
cantly f r o m  3 (P > 0.05) demonstrating iso- 
metric growth. 
Population parameters 
From the Powell-Wetherall method, L = 39.1 cm 
TL and by extrapolation from the length-weight 
regression equation, W = 403.4 g. Estimated 
K, ton tmax and lo were 0.8 yrl, -0.19 yr, 3.8 years 
(4 years) and 5.5 cm TL respectively. From 
these parameters, Von Bertalanffy length (L,) 
and we igh t  (W,) g rowth  functions were es- 
tablished: 
L, = 39.1 [ l  - exp- 0.80 (t + 0.19) 1 (19) 
Wt  = 403.4 [ l  - exp- 0.80 (t + 0.19) 1 (20) 
As there is apparently no  previous study o n  
the population dynamics o f  any member of 
the  Clarias (Clarioides) complex i n  this region, 
the  presentstudy o n  C. agboyiensiscannot be 
accurately contrasted. However considering 
that the catfish is n o t a  particularly small fish, 
the ratio, (Imaxl 0.95)l L_ = 0.8, and the asymp- 
totic length (L_ = 39.1 cm TL) appear reason- 
able, especially as previous data obtained in  
November, 1979 presented an individual maxi- 
mum size o f  37.4 cm TL w i th  a weight o f  
388.6 g (pers. obs.). The individual maximum 
size (29 cm TL) recorded i n  this study indicates 
that over the years the overall size of C. 
agboyiensis had diminished. However, it is still 
much larger than that  (15.7 cm TL) reported 
by SYDENHAM (1980). This is perhaps a reflec- 
t ion o f  the environmental differences in  the 
geographic locations o f  the individuals. 
The values o f  the  g rowth  coefficient (K) 
and length g rowth  performance index (4') 
indicate that  C. agboyiensis has a h igh  
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growth  performance, which is an index o f  
h igh aquacultural potential. The6 '  reported 
here is w i th in  t h e  range reported f o r  other 
siluriforms particularly schilbeids and bagrids 
(see KING, 1997 and  re la ted references 
therein). 
EZENWAJI (1992) and EZENWAJI & INYANG (1998) 
have reported tha t  the abundant and rich 
variety o f  fish food organisms enable C. 
agboyiensis and other Clarias (Clarioides) spe- 
cies in  the  Anambra River basin t o  grow fast 
and attain sexual maturity in  about the first 
year o f  l ife. The close relationship between 
the  length a t  50% maturi ty and the esti- 
mated length at  sexual maturity indicates that 
any o f  these methods could give a reason- 
able estimate o f  length at  maturity i n  C. 
agboyiensis. Early sexual maturity is probably 
also a survival strategy (see NIKOLSKY, 1963) i n  
response t o  the  extremely low mean survival 
rate ( 2  x yrl) fo r  the species i n  the 
Anambra River basin. The latter i s  largely a 
consequence o f  the  high fishing mortality 
which i s  clearly a dominant factor in  to ta l  
mortality. This contention is supported by the 
high rat io o f  F / M (6.19), annual fishing rate 
(E, = 0.861 yrl) and exploitation ratio (E) o f  
the species. The exploitation rat io o f  0.86 is 
about 72% higher than the expected optimal 
yield (see GULLAND, 1971; KING, 1996). This 
shows tha t  the stock o f  C. agboyiensis in  the  
Anambra River basin is extremely over-fished. 
The high fishing mortal i ty i s  easily appreci- 
ated considering that C. agboyiensis and other 
clariids i n  the  Anambra River basin are con- 
centrated i n  f lood plain ponds and lentic 
water bodies which are usually fished ou t  
during the dry season (EZENWAJI, 1992, 1993; 
EZENWAJI & INYANG, 1998). As a result, only 
those in  "Clariasreservoirs" (EZENWAJI, 1992) in  
the impenetrable marshes are of ten le f t  t o  
repopulate the  basin. The low natural mor- 
tal i ty is expected and perhaps enhances the 
perpetuation o f  the species. The prevalence 
o f  parasites i n  clariids in  the Anambra River 
basin i s  low (EZENWAJI & ILOZUMBA, 1992) and 
predation by larger piscivores in  the preferred 
habitats o f  C. agboyiensis and other Clarias 
(Clarioides) species is virtually non-existent 
(EZENWAJI, 1993; EZENWAJI & INYANG, 1998). Un- 
der the circumstance, the low natural mortal- 
ity seems realistic. 
Because C. agboyiensis is a popular species 
in  the widespread semi-intensive fishing i n  
the floodplain o f  Anambra River, its manage- 
ment and conservation require serious con- 
sideration t o  avoid a possible collapse o f  the 
fishery. In recognition o f  this, a management 
paradigm has been out l ined (EZENWAJI &
INYANG, 1998) and is being locally irnple- 
mented. In addition, the catfish i s  conserved 
in  unfished rnarshes in  the  potarnon reaches 
o f  the  Anambra River basin. 
C. agboyiensis, l ike sorne temperate and 
tropical fish (O'HARA & PENCZAK, 1987; KING, 
1991, 1996), exhibits both the r-selected (early 
reproduction, relatively short l i fe  span and 
rapid growth)  and k-selected ( low natural 
mortal i ty rate) attributes i n  i t s  l i fe history. 
This type o f  l i fe  history strategy has perhaps 
evolved t o  aid survival o f  the  catfish in  the 
unpredictable environment, especially in  the 
murky waters o f  t h e  srnall-to mediurn-sized 
f loodplain ponds, i n  which it thrives. 
Resumen 
Aspectos de la  dinámica poblacional de 
Clarias agboyiensis (Osteichthyes, Clariidae) 
de la  cuenca de u n  r ío  de l  oeste africano 
Se analizan por primera vez los parámetros de 
la dinámica poblacional del pez gato del oeste 
africano, Clarias agboyiensis, basándose en 
datos de longitud-frecuencia obtenidos en 
muestras de la cuenca del río Anambra, Ni- 
geria (figs. 1, 2). En la relación longitud-peso 
el valor de b (b = 2,9502) no es significati- 
vamente diferente de 3, demostrándose que el 
crecimiento es isométrico (fig. 3). La talla 
máxima (I,.) y la longevidad máxima (tmax) 
fueron de 29 cm LT y 4 años respectivamente. 
Los parámetros para la estima del crecimiento 
de Von Bertalanffy fueron: L_ = 39,l cm LT, 
W _ =  403.4 g, K = 0.8 años' y t, = - 0.19 años 
(fig. 4). El índice de  crecimiento en longitud 
(N' = 3.09) muestra u n  gran ímpetu d e  
crecimiento, indicando que esta especie tiene 
u n  alto potencial para la acuicultura. La 
madurez sexual se da entre los 22,2 y 24,l cm 
LT cuando el pez alcanza los 1.2 años (fig. 5). 
La estimación de  la mortalidad fue: Z = 10.79 
años-', M = 1.50 años-' y F = 9.29 años-'. El al to 
coeficiente de  mortalidad en  los cultivos (F) y 
el grado de  explotación (E = 0.86) indican una 
Ezenwaji 
sobreexplotación de C. agboyiensis. Se han 
diseñado y establecido estrategias de dirección 
y conservación a f in  de evitar un posible 
colapso en la piscifactoria. 
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